ABSTRACT
Introduction
In patients with acute coronary syndromes managed invasively with coronary angiography and revascularisation the optimal strategy for preventing coronary thrombosis and ischaemia, while limiting bleeding, is uncertain. Two commonly adopted regimens consist of unfractionated heparin, an indirect thrombin inhibitor, with or without concomitant use of a glycoprotein IIb/ IIIa inhibitor in case of percutaneous coronary intervention; and bivalirudin, a direct thrombin inhibitor, with the use of glycoprotein IIb/IIIa inhibitors restricted to periprocedural thrombotic complications. This latter strategy has been associated with reduced bleeding, an outcome extensively associated with mortality. Previous moderately sized studies in patients with acute coronary syndrome provided conflicting results on the
WhAT IS AlReAdy knoWn on ThIS TopIC
The optimal antithrombotic regimen in patients with acute coronary syndrome with and without ST segment elevation is not yet defined comparative efficacy and safety of these two strategies. [1] [2] [3] [4] We therefore designed the Minimizing Adverse Haemorrhagic Events by Transradial Access Site and Systemic Implementation of Angiox (MATRIX) phase 3 programme in patients with acute coronary syndrome managed invasively via the radial or femoral route. 5 In this large, randomised controlled trial we assessed whether bivalirudin is superior to unfractionated heparin with or without concomitant use of glycoprotein IIb/IIIa inhibitors. Bivalirudin did not significantly reduce the two coprimary endpoints of major adverse cardiovascular events and net adverse clinical events in the overall acute coronary syndrome population of 7213 patients. 6 However, the use of these two strategies in clinical practice, 7 as well as the profile of efficacy on ischaemic and thrombotic complications (eg, stent thrombosis), and safety in terms of bleeding 8 might differ depending on the type of acute coronary syndrome at presentationthat is, with or without persistent ST segment elevation.
WhAT ThIS STudy AddS
We present the results of prespecified, randomised comparisons of bivalirudin with heparin in two MATRIX subpopulations with acute coronary syndrome: 4010 patients presenting with persistent ST elevation and 3203 patients presenting without persistent ST segment elevation for whom percutaneous coronary intervention was planned at the time of coronary angiography.
Methods

study design
MATRIX was a programme of three independent randomised controlled trials in an all comers population with acute coronary syndrome, with or without persistent ST segment elevation. The first trial, MATRIX Access Site, compared transradial access with transfemoral access in 8404 patients with acute coronary syndrome, 4010 (47.7%) with ST segment elevation and 4394 (52.3%) without ST segment elevation. 9 The second trial, MATRIX Antithrombin, was a randomised comparison of two antithrombotic strategies: bivalirudin with use of glycoprotein IIb/IIIa inhibitors restricted to angiographic complications (eg, giant thrombus) compared with unfractionated heparin with use of glycoprotein IIb/IIIa inhibitors left to the discretion of the investigator. 6 These strategies were compared in the overall population with ST segment elevation (n=4010) and in patients without ST segment elevation for whom percutaneous coronary intervention was planned (n=3203, 72.9% of the overall population without ST segment elevation). The third trial, MATRIX Treatment Duration, was a randomised comparison within patients assigned to bivalirudin, comparing extended bivalirudin administration after percutaneous coronary intervention with short term administration during percutaneous coronary intervention only. 6 
Participants
Patients with ST segment elevation were eligible: 1) if they experienced more than 20 minutes of ischaemic symptoms with ST segment elevation of ≥1 mm in two or more contiguous electrocardiogram leads, or with a new left bundle branch block, or 2) in case of ST segment depression of ≥1 mm in two or more of leads V1-V3 with a positive terminal T wave if presented within 12 hours of symptom onset, or 3) if there was evidence of continuing ischaemia or previous fibrinolytic treatment between 12 and 24 hours after symptom onset. We use the term acute coronary syndrome with ST segment elevation instead of ST elevation myocardial infarction to recognise the possibility of an aborted myocardial infarction in patients presenting with acute coronary syndrome and persistent ST segment elevation. 10 Patients without ST segment elevation were eligible if they had a history consistent with new or worsening cardiac ischaemia, occurring at rest or with minimal activity within seven days before randomisation, and fulfilled at least two high risk criteria among the following: age 60 years or older, increase in cardiac biomarkers, or electrocardiographic changes consistent with cardiac ischaemia; consideration as a possible candidate for percutaneous coronary intervention after completion of coronary angiography.
Key exclusion criteria (for patients both with and without ST segment elevation) were treatment with low molecular weight heparins within the past six hours; treatment with any glycoprotein IIb/IIIa inhibitor in the previous three days; contraindications to angiography, including but not limited to severe peripheral vascular disease; and presumed life expectancy of less than 30 days. Detailed inclusion and exclusion criteria have been published elsewhere and are listed in the appendix. 1 2 All patients gave written informed consent. randomisation Using a computer generated random sequence, we randomised patients in a 1:1 ratio to receive the bivalirudin strategy or unfractionated heparin strategy, with a random block size stratified by type of acute coronary syndrome-ie, with ST segment elevation versus without ST segment elevation-intended or ongoing use of P2Y 12 inhibitor (clopidogrel versus ticagrelor or prasugrel), and study site.
Owing to the high likelihood of patients with ST segment elevation receiving percutaneous coronary intervention, we simultaneously randomised all patients with ST segment elevation to the comparisons of access site, antithrombin, and treatment duration (one step randomisation process). To account for the patients without ST segment elevation who would not undergo percutaneous coronary intervention after angiography and to minimise the risk that this might unbalance the distribution of patients for the tested drug options, we also allowed randomisation to the antithrombin comparison (either bivalirudin or heparin strategy) after coronary angiography and the decision had been taken to proceed to percutaneous coronary intervention. Hence, a two step randomisation process (randomisation to access site before angiography followed by randomisation to antithrombin, including randomisation to treatment duration, only in those undergoing percutaneous coronary intervention) was selected in most of the patients without ST segment elevation. Additionally, randomisation of patients without ST segment elevation for which a two step randomisation was selected by the investigator was stratified by the actual treatment strategy (ie, coronary angiography only, not followed by percutaneous coronary intervention; or coronary angiography followed by planned percutaneous coronary intervention).
Procedures
We administered all interventions in an open label fashion. Bivalirudin was given according to the product labelling, with a bolus of 0.75 mg/kg body weight followed immediately by an infusion of 1.75 mg/kg body weight hourly until completion of percutaneous coronary intervention. Bivalirudin was then stopped at the end of percutaneous coronary intervention, or prolonged in accordance with the subsequent random assignment. In patients allocated to prolonged treatment, bivalirudin could be administered for up to four hours at the full dose or at a reduced dose of 0.25/mg/kg body weight hourly for at least six hours, at the discretion of the treating doctors. Heparin was dosed at 70-100 units/kg body weight in patients not receiving glycoprotein IIb/IIIa inhibitors and at 50-70 units/kg body weight in patients receiving glycoprotein IIb/IIIa inhibitors. Subsequent heparin dosing based on activated clotting time was again left to the discretion of the investigator. A glycoprotein IIb/IIIa inhibitor could be administered before percutaneous coronary intervention in patients in the heparin group based on investigator's judgment, but in the bivalirudin group it was restricted only to patients with thrombotic complications at the time of percutaneous coronary intervention, including no reflow or giant thrombus. Use of other drugs was allowed as per guidelines. Clinical follow-up was performed at 30 days.
Outcomes
The MATRIX Antithrombin trial had two coprimary outcomes, identical for patients with and without ST segment elevation: major adverse cardiovascular events and net adverse clinical events, both assessed at 30 days. Considering the extensive association of bleeding with mortality and that both experimental treatments tested in MATRIX (radial access and bivalirudin monotherapy) were expected to reduce bleeding, we included net adverse clinical events as the coprimary endpoint.
We defined major adverse cardiovascular events as the composite of all cause mortality, myocardial infarction, or stroke; and net adverse clinical events as the composite of major bleeding unrelated to coronary artery bypass graft (Bleeding Academic Research Consortium type 3 or 5, also see supplementary file), 11 or major adverse cardiovascular events. Secondary outcomes included each component of the composite outcomes, cardiovascular mortality, and stent thrombosis. Bleeding was also assessed and adjudicated on the basis of the Thrombolysis In Myocardial Infarction (TIMI) and Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) scales. 12 An independent clinical events committee, blinded to randomised treatment allocation, adjudicated all suspected events according to prespecified definitions. The appendix details the definitions for endpoints adjudicated by the clinical events committee.
statistical analysis
The overall MATRIX Antithrombin trial was designed as a superiority study on two coprimary outcomes: major adverse cardiovascular events and net adverse clinical events. We expected that the incidence of 30 day major adverse cardiovascular events (death, myocardial infarction, or stroke) on an intention to treat basis to be 4.2% in the bivalirudin group and 6.0% in the unfractionated heparin group (relative risk 0.70). With an α error set at 2.5% to correct for the two coprimary endpoints, we considered that a sample size of 6800 randomised patients or 3400 patients in each group would provide 85% power. For 30 day net adverse clinical events (death, myocardial infarction, stroke, or major bleeding), we expected an incidence on an intention to treat basis of 6.3% in the bivalirudin group and 9.0% in the unfractionated heparin group (relative risk 0.70). We determined that we would need 6800 randomised patients or 3400 patients in each group to provide 95% power with an α error set at 2.5% to correct for the two coprimary endpoints. Otherwise, we made no adjustments for multiple comparisons when analysing secondary endpoints. We analysed the data according to the intention to treat principle. Outcomes were assessed separately for patients with and without ST segment elevation as time to first event using the Mantel-Cox method to estimate unadjusted rate ratios and corresponding 95% confidence intervals. 13 The proportional hazard assumption was verified on the basis of Schoenfeld residuals. We used a two sided log-rank test, and survival curves were constructed using Kaplan-Meier estimates. We performed stratified analyses according to prespecified subgroups (centre's annual volume of percutaneous coronary intervention, age, sex, body mass index, intended start or continuation of prasugrel or ticagrelor, diabetes, estimated glomerular filtration rate, history of peripheral vascular disease, previous heparin, and randomisation to access site) and estimated possible effect modifications using interaction terms or tests for trend across ordered groups. We chose not to adjust for centre because the number of observations in each centre varies substantially (range 1-794). However, to account for the within group correlation, we applied a shared frailty model using Cox regression and observed that hazard ratios were similar to our original Cox regression models where we did not use a shared frailty model. All analyses were performed using the statistical packages Stata 14.1 and R 3.3.0.
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for recruitment, design, or implementation of the study. No patients were asked to advise on interpretation or writing up of results. We plan to disseminate the results of the research to all the scientific community, including study participants.
Results
Patients
Between 11 October 2011 and 7 November 2014 a total of 7213 patients were randomised in the MATRIX Antithrombin trial in 78 centres in Italy, the Netherlands, Spain, and Sweden. Of these, 4010 (56%) qualified for acute coronary syndrome with ST segment elevation at presentation (randomised after a median of 3.1 hours from symptom onset) and 3203 (44%) for acute coronary syndrome without ST segment elevation (randomised after a median of 36.4 hours from symptom onset, fig 1 ) . Of the 4010 patients with ST segment elevation, an investigator reported primary percutaneous coronary intervention as the indication for angiography in 3647-that is, 91%. Of the remaining 363 patients with ST segment elevation (9.0%), 190 did not receive percutaneous coronary intervention and 173 had percutaneous coronary intervention for an indication different from primary percutaneous coronary intervention. Overall, 3442 patients (95.3%) in the bivalirudin group and 3474 (96.4%) in the heparin group actually received the allocated treatment. At 30 days, complete follow-up information was available for 7198 (99.8%) patients (see supplementary figures S1 and S2). Baseline characteristics were similar within qualifying groups with acute coronary syndrome, with burden of risk factors for atherothrombosis and comorbidities (including hypertension, diabetes, hypercholesterolaemia, previous myocardial infarction) higher in patients who qualified for the group without ST segment elevation than those who qualified for the group with ST segment elevation (table 1) . Use of a glycoprotein IIb/IIIa inhibitor in patients assigned to heparin was planned at the time of randomisation in 30.7% of patients with ST segment elevation and 10.9% without ST segment elevation. In accordance with the protocol, no patient was assigned to bivalirudin for whom a glycoprotein IIb/IIIa inhibitor was planned at the time of randomisation (see supplementary appendix). Bailout use of a glycoprotein IIb/IIIa inhibitor was not significantly different between randomised groups in patients without ST segment elevation and higher in the bivalirudin group (6.0%) compared with heparin (4.3%) in the population with ST segment elevation (P=0.014). Administration of an oral P2Y 12 inhibitor (clopidogrel, ticagrelor, or prasugrel) before coronary angiography was similar between patients in the bivalirudin group and heparin group, in the populations both with and without ST segment elevation (see supplementary table S1). The appendix lists the other procedural characteristics.
Clinical outcomes
In patients with ST segment elevation, major adverse cardiovascular events occurred in 118 (5.9%) assigned to bivalirudin and 129 (6.5%) assigned to heparin (rate ratio 0.90, 95% confidence interval 0.70 to 1.16, P=0.43), whereas net adverse clinical events occurred in 139 (7.0%) assigned to bivalirudin and 163 (8.2%) assigned to heparin (0.84, 0.67 to 1.05, P=0.13, fig 2 and There was no heterogeneity of treatment effect on mortality according to qualifying acute coronary syndrome at baseline (P=0.73), with bivalirudin associated with fewer cases of all cause death (0.68, 0.46 to 1.01, P=0.053) and cardiovascular death (0.67, 0.45 to 1.00, P=0.048) compared with heparin in patients with ST segment elevation and directionally similar effect in patients without ST segment elevation (0.77, 0.41 to 1.46, P=0.43, and 0.76, 0.40 to 1.47, P=0.42, respectively, table 2 , fig 3, and supplementary figure 3A) .
Bivalirudin was associated with lower rates of BARC 3 or 5 bleeding, both in patients with ST segment elevation (0.60, 0.39 to 0.92; P=0.019) and in patients without ST segment elevation (0.47, 0.26 to 0.85; P=0.011) with similar treatment effect using the GUSTO (moderate or severe) and the TIMI (major or minor) classifications of bleeding (table  2 , fig 3, and supplementary figure 3D and appendix) .
Acute stent thrombosis (definite and definite or probable) were not statistically different between the groups with ST segment elevation (1.87, 0.83 to 4.20, P=0.13, and 1.88, 0.87 to 4.06, P=0.10, respectively) and without Rates of myocardial infarction were similar between bivalirudin and heparin in patients with and without ST segment elevation (1.24, 0.88 to 1.76, and 0.95, 0.78 to 1.16, respectively, P for interaction 0 .19; fig 3) . Notably, 30 day event rates differed markedly between the two populations: 3.3% in patients with ST segment elevation and 15% in those without ST segment elevation.
Randomised treatment effect on stroke was directionally opposite in patients with and without ST elevation (P for interaction 0.0052), with bivalirudin associated with a lower risk of stroke compared with heparin in patients with ST segment elevation (0.35, 0.13 to 0.97, P=0.036) and a higher risk of stroke in patients without ST segment elevation (4.02, 0.85 to 18.95, P=0.057). Figures 4-7 list the randomised treatment effect on major adverse cardiovascular events and net adverse clinical events as well as all cause mortality and bleeding in patients with and without ST segment elevation according to prespecified subgroups (also see the supplementary appendix). In patients with ST segment elevation, the randomised treatment effect appeared consistent across most subgroups, with the exception of patients with an estimated glomerular filtration rate of less than 60 mL/min, with previous use of unfractionated heparin and treated in centres with a high volume of percutaneous coronary intervention, where the bivalirudin strategy appeared more effective and safe than the heparin strategy. In patients with an estimated glomerular filtration rate of less than 60 mL/min, bivalirudin appeared to be associated with a reduced risk of death and major bleeding. Treatment effects seemed consistent also in patients who qualified for the group without ST segment elevation, with a weak nominally significant interaction for intended or ongoing use of prasugrel or ticagrelor compared with clopidogrel.
additional analyses
discussion
The main finding of this analysis-the largest randomised comparison of bivalirudin with heparin in patients with acute coronary syndrome with ST segment elevation and one of the largest in patients with acute coronary syndrome without ST segment elevation treated with modern antiplatelet agents-is that a regimen of bivalirudin monotherapy, compared with unfractionated heparin with provisional glycoprotein IIb/IIIa inhibitors, did not result in reduced major adverse cardiovascular events or net adverse clinical events. These results are consistent with the findings from the overall population with acute coronary syndrome. 6 efficacy and safety of bivalirudin versus heparin strategies according to type of acute coronary syndrome A strategy of bivalirudin monotherapy was associated with reduced bleeding compared with heparin with provisional use of glycoprotein IIb/IIIa inhibitors. 2-4 8 This reduction in bleeding was consistent across bleeding classifications (including fatal events), not clearly related to randomised access site (which was allocated in MATRIX), and of similar magnitude in patients with acute coronary syndrome with and without ST segment elevation. These observations suggest that bivalirudin, if intended as a strategy to minimise bleeding, may be complementary to other strategies (eg, radial access) and could be applied with few restrictions to the general population with acute coronary syndrome, as also suggested by the association of bivalirudin with a reduction in death and bleeding in patients with a low estimated glomerular filtration rate. In secondary analyses we observed that bivalirudin was associated with a reduction in all cause mortality as a result of lower cardiovascular disease mortality, a difference that in this analysis was similar between patients with and without ST segment elevation (P for interaction 0.72). The excess risk of acute stent thrombosis associated with bivalirudin is well documented. 2 3 8 We did not observe significant differences in the rate of acute stent thrombosis between randomised strategies in the patients with and without ST segment elevation. While the risk of acute stent thrombosis with bivalirudin in patients with ST segment elevation has been well documented (and is directionally similar in MATRIX), we observed no increased risk in patients without ST There was no clear effect of randomised treatment on myocardial infarction according to qualifying acute coronary syndrome. The myocardial infarction component was far more common (>4 times) in patients without ST segment elevation compared with patients with ST segment elevation, reflecting the contribution of procedural related myocardial infarction events in patients without ST segment elevation and a planned percutaneous coronary intervention. So, even when procedural myocardial infarctions are not accounted for (ie, patients with ST segment elevation), a strategy of bivalirudin monotherapy did not have a measurable effect on either coprimary endpoints, indicating a complex, competitive balance between thrombosis and bleeding, which may explain the overall neutral results. Unexpectedly, a nominally significant interaction effect between randomised antithrombotic strategies compared with qualifying acute coronary syndrome on stroke was detected. No such effect has previously been reported, and since it currently defies, to our knowledge, any plausible biological explanation, we concur it might represent a spurious finding.
Finally, subgroup analysis indicates that a strategy of bivalirudin monotherapy with glycoprotein IIb/IIIa inhibitors restricted to angiographic complications might be useful in patients with ST segment elevation pretreated with heparin and with renal dysfunction. A benefit of bivalirudin in patients who have received heparin has been consistently reported. [14] [15] [16] This effect, perhaps related to an insufficient level of anticoagulation provided by bivalirudin alone, suggests that the common practice of an immediate heparin bolus in patients with ST segment elevation followed by bivalirudin seems to be safe. The effect of bivalirudin in patients with renal dysfunction is less consistent, 17 18 but suggests that in the acute setting (where data on renal function are often not available) bivalirudin has a favourable safety profile. Finally, a benefit of bivalirudin compared with a heparin strategy in patients without ST segment elevation (but not with ST segment elevation) treated with novel P2Y 12 inhibitors might reflect a longer time required for these agents to reach their desired effect, a possible consideration for the selection of an antithrombotic regimen in this population. 19 Although the reported subgroups were prespecified in the protocol, and separate statistical analyses on these subgroups were planned, we did not adjust for multiple comparisons, increasing the risk of type 1 errors. Also, the results for the coprimary endpoints were all negative. Therefore, differential effects across subgroups of the randomised treatments, if any, must be considered hypothesis generating. Also, the study was not powered for type of acute coronary syndrome at baseline. Accordingly, our ability to detect smaller treatment differences was limited. Finally, the study compared two antithrombotic strategies (with the heparin arm intended to reflect use of glycoprotein IIb/IIIa inhibitors in clinical practice) rather than two drugs. The different use of glycoprotein IIb/IIIa inhibitors in the two study arms has thus challenged our ability to understand the efficacy and safety of the anticoagulants drugs alone.
Conclusions
A strategy of bivalirudin monotherapy compared with heparin with or without glycoprotein IIb/IIIa inhibitors did not result in reduced major adverse cardiovascular events or net adverse clinical events in patients with acute coronary syndrome with or without ST segment elevation. The choice of the anticoagulant regimen thus requires a careful balance between the expected risk of bleeding and thrombotic complications with the expected benefits for each patient. Further research is needed to better understand optimal patients, settings, and combinations of antithrombotic treatments, particularly in those with a high risk of early thrombotic complications or a high risk of bleeding, or both. 
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